Abstract A combination of biotechnological and electrochemical techniques is employed to synthesize an electro-active -conjugated polymer. The monomer precursor bearing a hydroxyl group is obtained by the bioconversion of dibenzothiophene. An alkyl chain substituent is introduced by Williamson etherification with the aid of crown ether, and electrochemical polymerization is carried out by repeated potential scanning of the monomer in an electrolytic reaction solution. The polymer film thus prepared is shown to exhibit good electro-active characteristics.
Introduction
The use of micro-organisms to produce materials has contributed to progress in the pharmaceutical, chemistry, and food industries, and has recently been demonstrated to be potentially applicable to the fabrication of electrically conducting polymers for plastic electronics [1] . Through a combination of genetic manipulation and polymer synthesis, the organism Pseudomonas putida has been shown to metabolize benzene to catechol via 5,6-dihydroxycyclohex1,3-diene. The desired catechol is afforded as an extracellular product that can be isolated by solvent extraction and then converted to a monomer.
Conjugated polymers, such as polypyrrole (PPy), polythiophene, polyaniline, and poly(3,4-ethylenedioxythiophene) (PEDOT), have been studied for application in electrochromic devices, transparent electrodes, electroluminescent devices, and sensors [2] [3] [4] .
In the present study, a monomer synthesized using a biological route is polymerized by electrochemical polymerization to afford a conjugated polymer as an insoluble and infusible freestanding film [5] . The hydroxyl dibenzothiophene (HDBTh) is synthesized by a biological reaction with TN399 from DBTh, and a flexible alkyl side-chain is introduced into the compound to improve the monomer solubility due to the flexible side-chain itself plays a role of solvent, and the monomer is polymerized in an electrolyte to afford an electroactive polymer.
In the present method, the biological reaction and the chemical reaction followed by the electrochemical reaction yield an electroactive polymer. Specifically, DBTh can be extracted from waste oils (petroleum pitch) [6] . Therefore, a set of this synthetic route for preparation of a conducting polymer may be a new candidate for green chemical reaction system.
Experimental

Preparation of hydroxy dibenzothiophene
DBT was converted to hydroxy dibenzothiophene by bioconversion [6] [7] [8] . Mass spectroscopy (Fig. 1, top) and 1 H NMR (Fig. 1, bottom) confirm the molecular structure of the polymer. The purity of the compound was confirmed by high-pressure chromatography (Fig.1 , top (inset)). to the scan rate. This suggests that the electron transfer is easily accessed and rapid with relatively high scans rate [9] and well adhesion of the polymer onto the electrode [10, 11] . 
Surface structure
Surface structure of the polymer was observed with SEM (Fig. 7) . The polymer shows pebblelike structure. Observation from oblique direction reveals that polymer pebbles grows from the electrode surface via epitaxial electropolymerization process.
The disordered film may be due to a less controlled polymerization reaction, resulting lower conductivity in the film obtained with four-point-probe method (< 10 -2 S/cm).
The use of planer dopant can improve the conductivity for the polymer. Furthermore, surface order control of the polymer can be achieved by using liquid crystal field [12] .
Conclusion
The monomer was prepared by bioconversion and then polymerized by an electrochemical reaction to afford an electro-active polymer film. This procedure demonstrates that electroactive polymers can be prepared by a combination of electrochemical and biotechnological techniques. The polymer films thus produced are suitable for application in plastic electronics, such as plastic electrodes in capacitors. The image was taken from a direction oriented 30 degree from the surface
